This book is dedicated to the many folks who've made fiber optics a fun place to be over 
the last two decades. 
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TWO m Fundamentals of Fiber Optics 



Another way to look at light guiding in a fiber is to « the fiber s aa:eptance a^- 
Z angle over which light rays entering the fiber will be guided along its core, shown in 
Fi ure 27. (Because the acceptance angle is measured in air out.de the to*"*** 
from the confinement angle in the glass.) The acceptance angle normally is measured as 
numerical aperture (NA), which for light entering a fiber from air is approxunately 
NA=(n 0 2 -n 1 2 ) 1 ' 2 

where n Q is the refractive index of the core and n, is the index of the cladding. For a fiber 
with core index of 1.50 and cladding index of 1.485 (a 1% difference), NA = 0 21 An 
Ternate but equivalent definition is the sine of the half-angle over which the fiber can 
accept light rays, 12° in this example (6 in Figure 2.7). Another alternate definition is 
NA! n L e!where 0 c is the confinement angle in the fiber core (8° m this example). 



Light must fall inside this 
to be guided in the fiber c 




The angle over 
which a fiber 
accepts light 
depends on the 
refractive indexes 
of the core and 
cladding glass. 



FIGURE 2.7. 

Measuring the 



Note that the half acceptance angle is larger than 

rays must strike the cladding interface to be reflected, wh.ch I said earlier was 8 . What 
de mean? Go back and look at Snell's law of refraction again. The difference is the 
lao n , which is the refractive index of the core glass, or 1.5. As you can see in Figure 
2 7 refraction bends a light ray entering the fiber so that it is at a smaller angle to the fiber 
Js'SrUvL in the J? The sine of the angle inside the glass equals that of the angle 
outside the glass, divided by the refractive index of the core (n 0 ). 



Light Collection 



Numerical aperture and acceptance angle measure a crucial concern 
systems: getting light into the fiber. A century ago, British physicist Charles Vernon Boys 
Se fin! fibers of glass comparable in size to todays optical fibers bur as far ^ we know 
he didn't try to transmit light along their lengths. Even when the first op ical fibers were 
devebpedmthe 1950s, nooneseemed to think that single fibers could collect much light. 
InTeXley grouped fibers into bundles that together could collect reasonable amounts 
of Ught. Only whe'n lasers made highly directional beams available did researchers sen- 
ously begin to consider using single optical fibers. 



Practical applica- 
tions for single 

fibers require ways 
to get light into 

their small cores. 



